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Report  on  Standard  Filters  for  Calibrating  Photographic  Exposure  Meters 


1.  Scope* 


This  report  describes  the  design  and  calibration  of  filters  to  be  used 
with  lamps  operated  at  a color  temperature  of  2854®K  for  the  calibration  of 
exposure  meters*  The  filters  were  designed  in  cooperation  with  ASA  Sub- 
committee PH2-U  on  Standards  for  Photoelectric  Esqjosure  Meters.  The  filters 
meet  the  requirements  of  American  Standard  PH2. 12-1961  for  General-Purpose 
Photographic  Exposure  Meters  (Photoelectric  Type). 

2.  Description  of  the  Filters. 

Subcommittee  PH2-11  had  determined  that  light  which  has  a color  tempera- 
ture of  4700®K  ± 200®K  is  suitable  for  the  calibration  of  exposure  meters. 

The  4700°K  color  temperature  was  chosen  by  PH2-11  as  a compromise  between  the 
daylight  color  and  the  color  of  incandescent-lamp  light  under  which  the  ex- 
posure meters  to  be  calibrated  are  to  be  used.  Standard  lamps  idiich  operate 
at  such  a voltage  that  their  light  has  a color  temperature  of  2854®K  are 
commonly  used  and  are  readily  available j therefore,  filters  which  will  con- 
vert the  2854®K  to  4700®K  were  desired, 

A single  6 l/2-inch  square  of  Corning  Daylite  (5900)  glass  is  used  for 
calibrating  incident-light  meters;  the  thickness  of  the  glass  is  such  that 
it  converts  light  of  color  temperature  2854®K  to  4700®  ± 200®K, 

For  calibrating  reflected-light  meters,  a diffusing  sandwich  is  used. 

The  sandwich  is  made  of  a 6 l/2-inch  square  of  special  plexiglas,  color 
W2447  Write,  1/4  inch  thick,  manufactured  by  Rohm  and  Haas,  bound  to  a 
6 l/2-inch  square  of  Corning  Daylite  (5900)  glass.  The  glass  is  of  such  a 
thickness  that  light  at  2854®K  incident  on  one  side  of  the  sandwich  is 
emitted  at  4700  ± 200® K from  the  other  side. 

1,  Tests  and  Calibrations. 


Blue  Glass  Filters 

The  luminous  transmittance  of  each  of  70  blue  glass  filters,  for  light 
having  a color  temperature  of  2854°K#  was  measured.  The  source  used  was  a 
500-watt  projection  lamp  operating  at  2854®K  and  measurements  were  made  by 
means  of  a physical  photometer.  This  is  a modified  form  of  the  photometer 
described  in  NBS  J,  Research  2X,  217  (September  1941)  RP  1415.  As  a check 

on  these  measurements  the  two  filters  which  had  the  highest  and  the  lowest 
transmittances  and  one  with  the  average  transmittance  of  the  group  of  filters 
were  then  measured  for  spectral  transmittance  by  means  of  a General  Electric 
recording  spectrophotometer  and  their  luminous  transmittance  computed.  The 
results  by  the  two  methods  of  measurement  were  in  accord  to  about  1 percent. 
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In  order  to  determine  the  amount  by  which  the  filters  alter  the  color 
temperature  of  the  light  they  transmit,  the  same  three  filters  which  had 
been  measured  on  the  spectrophotometer  were  measured  for  color  temperature 
of  light  transmitted  when  they  were  illuminated  by  light  at  2854®K,  These 
measurements  were  made  by  following  a substitution  method,  with  a Lummer- 
Brodhun  photometer  having  a 9®  x 13®  double-trapezoid  field.  lamp  NBS1925 
plus  filter  combination  CSl-72-2  was  used  as  a standard. 

Diffusing  Sandwiches 

Sixty  sandwiches  of  Corning  "Daylite"  (5900)  glass  and  Rohm  and  Haas 
special  plexiglas,  color  W2447  white,  l/4  inch  thick  were  assembled.  The 
diffusing  characteristics  of  eight  of  these  sandwiches  taken  at  random  were 
measured.  The  sandwich  was  illuminated  along  the  normal  from  the  blue  glass 
side  and  measurements  of  relative  luminance  on  the  plexiglas  side  were  made 
by  means  of  a Photovolt  photometer  and  again  by  means  of  a Densichron  photo- 
meter. For  one  of  the  sandwiches,  measurements  were  made  on  the  normal  to 
the  sandwich  and  at  5®  intervals  up  to  60®  either  side  of  the  normal  and 
showed  that  the  luminance  decreased  monotonically  with  angle.  The  other 
seven  specimens  were  measured  only  at  0®  and  at  60®  each  side  of  normal. 

The  color  temperature  of  the  light  emitted  on  the  plexiglas  side  of 
each  sandwich  for  light  of  color  temperature  2854®K  incident  on  the  blue 
glass  side  was  measured.  Measurements  were  made  by  visual  comparison  with 
a suitable  lamp  and  filter  which  had  been  spectrophotometered. 

The  luminous  directional  transmittance  of  one  sand\dch,  tc  be  used  as 
a master  standard,  was  determined  by  comparing  it  with  a group  of  three 
laboratory  standards  of  luminous  directional  transmittance,  LS39,  LS49,  and 
LS51,  This  was  done  photoelectrically  by  first  comparirjg  the  plexiglas 
component  alone  with  the  three  standards  and  then  determining  the  effect 
on  the  luminance  of  adding  the  blue  glass  to  the  plexiglas.  This  effect 
depends  on  the  transmittance  of  the  blue  glass  and  the  multiple  reflections 
between  the  plexiglas  diffuser  and  the  glass.  The  value  of  luminous  dir- 
ectional transmittance  of  the  master  standard  thus  determined  was  checked  by 
determining  the  effect  of  adding  a blue  glass  to  each  of  the  laboratory 
standards  and  then  photoelectrically  comparin_g  the  assembled  sandwich  with 
each  of  the  three  laboratory  standards  to  \ibldh.  a blue  glass  of  measured 
transmittance  had  been  added.  All  of  the  remaining  sandwiches  were  com- 
pared photoelectrically  with  the  master  standard  that  had  been  thus  cali- 
brated, by  using  a substitution  method.  A 3/4  inch  diameter  area  at  the 
center  of  the  sandwich  was  used  for  the  comparisons. 

The  uniformity  of  luminous  directional  transmittance  of  the  sandwiches 
when  viewed  normal  to  the  surface  was  checked  by  means  of  a photoelectric 
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cell  whose  sensitive  surface  is  l/4  inch  by  l/l6  inch.  The  sandwich  was 
illuminated  uniformly  ov®r  the  blue  glass  side.  Readings  were  taken  on  the 
plexiglas  side  at  the  center  and  at  l/2  inch,  1 inch,  11/2  inch,  2 inches, 

2 l/2  inches  and  3 inches  from  the  center  along  the  vertical  and  horizontal 
axes  perpendicular  to  the  edges  of  the  sandwich.  Eight  of  the  sixty  sand- 
wiches were  taken  at  random  for  this  measurement, 

A.  Results, 

Blue  Glass  Filters 

The  luminous  transmittance  of  the  blue  glass  filters  is  between  0,242 
and  0.248.  The  value  for  the  individual  filter  is  supplied  with  each 
standard  when  it  is  issued. 

With  a source  at  2854®K  the  color  temperatures  of  light  transmitted  by 
each  of  the  three  filters  which  were  measured  are  4750®K,  4780®K  and  4830®K, 
These  are  all  well  within  the  limits  of  4700  ± 200®K  which  is  specified  in 
Table  3 of  standard  PH2.12, 

Diffusing  Sandwiches 

The  luminous  directional  transmittance  of  the  sandwiches  is  between 
0,110  and  0,115,  The  individual  value  for  each  sandwich  is  supplied  with 
the  standard  v^en  it  is  issued. 

It  was  found  that  the  color  temperature  of  the  sandwiches  when  illuminated 
by  light  at  2854®K  ranged  from  4710®K  to  4810®Kj  this  range  is  also  well  with- 
in the  limits  of  4700  ± 200®K  which  is  specified  in  Table  3 of  Standard  PH2,12. 

It  was  noted  that  one  of  the  sandwiches  decreased  in  color  temperature 
by  about  70®K  after  three  hours  use  at  a distance  of  6 inches  from  a 500- 
watt  projection  lamp  operating  at  90  volts.  The  decrease  in  color  temperature 
is  presumably  due  to  a rise  in  temperature  of  the  sandwich.  The  luminance  of 
a sandwich  under  the  same  conditions  decreased  by  less  than  l/2  percent. 

When  the  eight  sandwiches  were  illuminated  from  the  blue  glass  side 
along  the  normal  to  the  sandwich  and  viewed  from  the  plexiglas  side  the 
luminance  when  viewed  at  60®  was  found  to  be  approximately  90^  of  the  limi- 
inance  when  viewed  along  the  normal.  Accordingly,  the  sandwiches  comply  with 
the  requirement  of  paragraph  3 .6. 3. 5 of  Standard  PH2.12. 

When  the  eight  sandwiches  were  uniformly  illuminated  over  the  entire  blue- 
glass  surface,  the  minimum  luminance  of  any  area  I/4  inch  by  I/I6  inch  measured 
at  intervals  of  1/2  inch  up  to  3 inches  from  the  center  of  the  sandwich  on 
the  two  axes  perpendicular  to  the  sides  of  the  sandwich  was  found  to  be  no  less 
than  90^  of  the  maximum  luminance.  Accordingly,  the  6~inch  square  area  in  the 
center  of  the  sandwiches  complies  with  the  requirement  of  paragraph  3 .6. 3. 4 
of  Standard  PH2.12, 
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Summary. 

A set  of  standards  for  calibrating  photographic  e^osrae  meters  consists 
of  one  blue  glass  filter  and  one  diffusing  sandwich.  Bie  blue  g^ss  filter, 
used  for  calibrating  incident-light  meters,  converts  light  at  2854  K to  ^ght 
at  A700®K  ± 200® K.  The  diffusing  sandwich,  used  for  calibrating  reflected 
fight^etosrccnterte  light  at  2854«K  to  light  at  4700  ± 20QOK  and,  when 
uniformly  illuminated,  has  a 6-inoh  square  area  at  the^ 

is  unifom  to  within  10  percent.  The  luminance  iSien  viewed  at  60  from  tee 
normal  to  the  sandwich  is  above  90^  of  tee  lurainanoe  when  viewed  along  the 

normal. 

6.  Precautions  in  Use  of  the.  Standards^ 

The  blue-glass  side  of  tee  sandwich  must  be  illuminated  ^fori^y-there 
should  be  no  obstruction  to  the  light  incident  on  the  entire  6 1/2-inoh 
square  area  of  this  side. 

■Bhese  standards  are  intended  to  be  used  only 
e:jq)osure  meters  that  comply  vdth  the  requirements  of  American  Standard 
PH2. 12-1961  and  especially  paragraph  3.7  thereof. 

7. 

A set  of  standards  with  a report  giving  the  l^nous  . 

the  blue  glass  and  the  luminous  directional  transmittance 
avallable^at  a price  of  $225.00  from  the  National  Bureau  of  Standards, 

Washington  25 j D.C. 
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